) and 77.6 cm 2 (range, 50 -120 cm 2 ) for the fibula and iliac crest, respectively. Mean bone flap lengths were 8.37, 7.65, and 10.1 cm, respectively, for the SOFF, fibula, and iliac crest. Dual skin paddles were used in 50% of the SOFF procedures versus 2.8% for the fibula flap procedures. There were no significant complications of the donor site in any patient, and there was only one flap failure (4.1%). Related to the SOFF, donor site morbidity was subjectively judged as "mild," for pain, mobility, and strength. There were no complaints of poor appearance of the donor site. Activities of daily living were judged as "not limited" or "limited a little" in the majority of patients. Objective measurements of range of motion revealed an average reduction of 1°to 12°in five different shoulder functions. Elbow and arm ranges of motion were not limited. Strength was minimally reduced in the shoulder, while the arm and forearm showed no reduction in strength. Conclusions: The SOFF is a versatile osteocutaneous free flap that can be used for a multitude of reconstructive problems. This and its relative lack of significant donor site morbidity have caused its use to increase significantly.
INTRODUCTION
The scapula osteocutaneous free flap (SOFF) has lost its popularity with the introduction of the fibula and iliac crest flaps, partially because of presumed donor site morbidity. However, its reconstructive potential remains greater than that of other bone flaps, making it perhaps the most versatile flap used in head and neck reconstruction. This flap is unique for several reasons. First, it can be harvested with a variable amount of soft tissue including fat and fascia only, or with one or two independent cutaneous islands. These individual cutaneous components are capable of a wide range of movement relative to one another and relative to the bone component. This increases the complexity of reconstruction sites that can be repaired. Furthermore, the bone is of adequate stock and length for most head and neck reconstructions. There are even multiple bone segments that can be harvested independently, based on separate vascular supply. Also, it has been inferred that there is minimal donor site morbidity.
1,2

Saijo
3 identified this scapula fasciocutaneous flap based on the circumflex scapular artery (CSA). He performed dye injection studies that outlined the cutaneous distribution of the vessel. Much of what we know regarding the vascular anatomy of the free scapular flap, and therefore the SOFF, is the result of meticulous cadaveric dissections performed by dos Santos 4, 5 in the early 1980s. She performed more than 70 dissections, including dye injection studies, to confirm the consistent anatomy of the CSA. The lateral border of the scapula was identified as a possible donor tissue and the vascular and bony anatomy was identified by Teot et al. 6 in 1981. They described the harvest technique as well as the first three SOFF procedures, two of which were for head and neck reconstruction. Nasif et al. 7 defined the parascapular cutaneous flap, which increased the versatility of this flap by adding a second cutaneous flap based on a separate vascular supply. Another important anatomical advance came in 1991 when Coleman and Sultan 8 identified a second vascular pedicle to the scapular bone. The angular artery, which is a branch of the thoracodorsal artery, supplies the most inferior aspect of the lateral scapula. The addition of this vascular pedicle allows for two separate bony defects to be reconstructed from the same flap or a longer segment of scapula to be harvested including the tip.
Evidence suggests that the SOFF is a versatile and reliable flap for use in head and neck reconstruction. 6, 8, 9 In our practice we have noticed an increasing trend toward the usage of the SOFF compared with the iliac crest or fibula flap. We plan to demonstrate several reasons for this trend. First, the versatility of the SOFF is far superior to the other osteocutaneous options. The individual components, including bone and skin, provide ample size and quality for most defects that require bony reconstruction. Also, there are minimal donor site complications, and the flap and vascular pedicle are exceptionally reliable. Some authors have complained that the problem with this flap is the potential donor site morbidity. To our knowledge, there have been no studies that document donor site morbidity by specific physical therapy testing. Although this is only a pilot study with a relatively small patient population, we plan to discuss donor site morbidity, both subjectively and objectively, with regard to the SOFF.
MATERIALS AND METHODS
From 1992 to 1999 all free flap reconstructions performed by the Department of Otolaryngology-Head and Neck Surgery at Vanderbilt University Medical Center (Nashville, TN) were recorded in a computer database and maintained in an ongoing manner. From this database, all flaps containing a bone component were extracted for review. Clinical information such as sex, age, defect, comorbid conditions, and complications were reviewed, in addition to operative details such as clamp time, anastomotic vessels, bone length, cutaneous dimensions, and number of cutaneous paddles.
All living patients who had undergone a scapula free flap procedure were contacted by telephone, if able, and asked to participate in the donor site morbidity portion of the study. Those who were able and agreed to participate were included. This portion of the study was conducted after obtaining approval from the Vanderbilt University Institutional Review Board for Human Subjects and, in each case, after obtaining informed consent from the participant.
First, a patient questionnaire was completed by each participant. Patients responded to questions regarding "pain," "strength," and "mobility" of the arm involved with the donor site. Responses were based on the following visual analogue scale: 1 ϭ no (pain/limitation), 2 ϭ mild (pain/limitation), 3 ϭ moderate (pain/limitation), and 4 ϭ severe (pain/limitation). Patients were also asked about the appearance of the back after surgery. Next, a survey of activities of daily living was performed. Nine activities (driving, bathing, dressing, writing, lifting objects, housework, hobbies, reaching overhead, and washing or combing hair) were listed. Possible responses included "limited a lot," "limited a little," "not limited," and "limited, but not from operation."
A single licensed physical therapist (E.S.) performed a battery of tests on each patient. These tests included a goniometric analysis and standardized manual muscle testing. Identical tests were performed on the donor arm and the nondonor arm, which was then used as a control. The following functions were tested: teres major (specific), shoulder flexion, shoulder extension, shoulder abduction, shoulder scaption, shoulder external rotation, shoulder internal rotation, elbow flexion, elbow extension, pronation, supination, scapular protraction, scapular elevation, scapular adduction, scapular depression and adduction, scapular adduction, and downward rotation. For each of these functions, when appropriate, the range of motion was measured using a goniometer in a standard fashion measuring shoulder complex motion as described elsewhere. 10 Strength was measured according to the Daniels and Worthingham techniques of manual muscle examination. 11 To document any potential morbidity at the donor site, the values for range of motion (measured in degrees) and strength were compared between the donor and nondonor (control) arms. In patients who had a larger range of motion or increased strength in the donor arm when compared with the control arm, a value of 0 was entered, indicating no change. All patients with a decrease in range of motion or strength in the donor arm had a positive value entered.
RESULTS
Increasing Utilization of Scapula Osteocutaneous Free Flap
During the study period, 64 osteocutaneous free flap procedures were performed. Of these, 24 (37.5%) were the SOFF. The remainder were flaps from the fibula and iliac crest (Table I) . To demonstrate the recent trend in usage, the study period was divided into four consecutive 2-year intervals. Relative to the total number of osteocutaneous flaps in a given 2-year interval, the percentage of SOFF has increased from 6.6% in 1992-1993 to 30.7% in 1994 -1995, to 31.8% in 1996 -1997, and to 63.6% in 1998 -1999 ( Fig. 1) . Consequently, the number of iliac crest flaps has dropped to 0, and the percentage of fibula flaps has dropped from 46.4% to 36.4%.
Advantages of Scapula Osteocutaneous Free Flap
In the study series, the SOFF provided for a wide variety of reconstructive opportunities. Multiple defect types and tissue types were encountered (Table II) . The defects reconstructed with this flap were mostly the result of cancer ablation, although three patients (12.5%) had defects as the result of self-inflicted gunshot wounds to the face. As seen in Table II , the defects that were reconstructed were widely variable, ranging from simple oromandibular defects with single mucosal defects to complex defects requiring multiple skin paddles and multiple bone segments.
To better understand how the SOFF is being used with regard to the individual components of skin and bone, the sizes of the different flap components were compared with the same components from the iliac crest and fibula (Table III) . The mean bone length harvested from the scapula was 8.4 cm with a range of 6 to 12 cm. This compares favorably with the fibula and iliac crest, which had harvested lengths of 7.65 cm (range, 5-14 cm) and 10.1 cm (range, 6 -15 cm), respectively. The mean cutaneous area of the SOFF was 109 cm 2 (range, 48 -240 cm 2 ), which was substantially larger than the respective areas from the other flaps. The fibula had a cutaneous area of 55.3 cm 2 (range, 25-102 cm 2 ), and the iliac crest, 77.6 cm 2 (range, 50 -120 cm 2 ). Interestingly, in 50% of the SOFF procedures, multiple skin islands were used for reconstruction.
All donor sites were closed primarily; skin grafting was not needed. Donor site complications were limited to three patients. There was one of each of the following: donor site wound dehiscence treated with wet-to-dry dressing, standing cone deformity requiring excision, and abscess requiring incision and drainage. There was an overall donor site complication rate of 12.5%, with no permanent adverse sequela. With regard to flap complications, there was one failure (4.1%) secondary to "noreflow" phenomenon in a patient who was found to have an abnormal coagulation profile. There was one case of venous congestion following surgery, which was corrected by reanastomosis of the vein.
Donor Site Morbidity
All living patients were contacted and invited to participate in the final arm of the study. Only 18 patients were alive and residing in the area; of these, only 5 patients agreed to participate. These patients were included in the donor site morbidity study. These patients underwent testing, on average, 17.6 months after the harvest of the SOFF (range, 5-35 mo). All five patients had undergone, at least, a selective neck dissection at the time of the reconstruction surgery. Patient 3 had undergone a modified radical neck dissection 10 years before the reconstructive surgery and, at the time of the current reconstructive surgery, was found to have a trapezius muscle that would not stimulate with electrical nerve stimulation, indicating prior injury to the spinal accessory. He subsequently noted shoulder weakness and decreased range of motion before the harvest of the SOFF. Patients 2 and 5 had limited neck dissections for vascular access only, because the reconstruction in these patients was for traumatic injury rather than neoplasm.
Patient Questionnaire
When asked about pain at the donor site, three patients responded with "no pain" and two experienced "moderate pain." Similarly, three patients had no limitation in mobility or strength of the donor arm, while one had "mild" and another had "moderate" limitation in mobility. Two patients had "moderate" limitation in strength. No patient complained of adverse appearance of the back following surgery. 
Activities of Daily Living
The majority of patients responded that there was no limitation in any of the activities of daily living (Table IV) . Lifting objects and reaching above the head were the only activities in which any of the patients considered that they were "limited a lot."
Physical Therapy Testing
To verify the subjective results of the prior two sections, we performed physical therapy testing on the five patients (Table V) . Two standardized tests including goniometric (range of motion) and manual muscle testing were performed by the same physical therapist (E.S.). As described in "Materials and Methods," the donor site morbidity for each function was calculated by comparison to the donor arm. Patient 3 was excluded from the mean average because of prior deficit of shoulder function as described earlier.
DISCUSSION
There is little doubt in the minds of reconstructive surgeons that the SOFF is a versatile flap. However, it has failed to gain its proper place in the reconstructive armamentarium, presumably because of perceived donor site morbidity. In fact, most surgeons are using this flap less often than the fibula or iliac crest flaps to reconstruct osteocutaneous defects of the head and neck. The reasons for this are not entirely clear.
At the Vanderbilt University Medical Center in Nashville, TN, we have noticed a different trend. Use of the SOFF has, in fact, surpassed that of the other osteocutaneous flaps, and SOFF is currently the most frequently used bone flap. We have demonstrated an increase in the usage of this flap in the hands of two microvascular surgeons (B.B.B., T.A.D.) at a single institution. Simultaneously, there has been a decline in the relative usage of the other two bone flaps. We believe that there are three reasons for this trend. First, the SOFF provides distinct advantages over the other bony flaps that make it more versatile. Second, it is a reliable flap with minor donor complications. Third, the donor site morbidity profile is acceptable to most patients, with only minor subjective complaints. Objective data support this claim.
Sullivan et al. 12, 13 and Swartz et al. 9 have shown the SOFF to be a versatile flap with regard to mandibular reconstruction. One series demonstrated the advantages of the flap in reconstructing large and variable mandibular defects up to 14.5 cm in length, including a variety of osteotomy positions. 13 They also used multiple skin paddles in 6 of 17 patients to reconstruct complex internal and external mandibular defects. In a large study of 31 SOFF reconstructions, 30 were used for mandibular defects and only 1 for maxillary defect. 12 Swartz et al. 9 also demonstrated the adaptability of this flap in head and neck reconstruction in 5 patients requiring maxillary reconstruction and 21 requiring mandibular reconstruction. In 7 of 26 patients, multiple skin paddles were used.
In the current study, the SOFF was used for reconstruction of a variety of defects. As seen in Table II , the most common defect was the complex oromandibular defect with dual skin paddles. In fact, 50% of the flaps that were used had two skin paddles. By harvesting both the scapula and parascapular flap based on the same CSA, defects requiring both internal and external cutaneous lining can be adequately reconstructed. This is especially useful for the treatment of advanced oromandibular tumors. The main advantage lies in the fact that the two skin paddles can move in a three-dimensional relationship to one another, because of pedicle length and geometry. For example, this allows for reconstruction of the cheek and chin simultaneously. Other complex bony defects that also require a cutaneous lining such as maxilla, zygoma, and lateral skull base were also readily reconstructed.
Compared with the other osteocutaneous flaps, the SOFF has adequate bone length and superior skin size. Although the scapula bone is thinner and less strong when compared with the iliac crest and fibula, the available length is acceptable. In our series, the average bone length harvested for the three flaps was similar. In a morphometric examination of the SOFF, Shimizu et al.
14 demonstrated the maximal length of bone that could be harvested to be 16.2 cm (SD Ϯ1.5 cm). In our series, the maximal bone length harvested with the SOFF was 12 cm. Perhaps the main advantage of the SOFF with regard to individual components is the available range of skin dimensions. The average skin size harvested with the SOFF was nearly 200% of the size harvested with the fibula and 150% of the size harvested with the iliac crest. Therefore the SOFF is the obvious choice for defects with requirements for large amounts of skin.
There was only one flap failure in the series. This was believed to be secondary to a no-reflow phenomenon. This patient was also found to have a coagulation pathway abnormality during her evaluation. The failure was not related to the flap or pedicle quality. In all remaining patients, the vascular pedicle was of adequate size, length, and caliber. The donor site healed well in most patients, with an overall donor site complication rate of 12.5%; the complications were all short-term problems (abscess, wound dehiscence, and standing cone deformity).
We have shown in this initial pilot study that donor site morbidity is minimal and includes minor limitations in shoulder range of motion and strength. Literature is sparse regarding donor site morbidity of the SOFF. In fact, to our knowledge, there are no other studies that include formal physical therapy evaluation in the postoperative period that is aimed at defining objective morbidity. Colen et al. 1 studied 300 free flaps of 24 different types but evaluated only donor site complications (such as wound dehiscence, seroma, and hematoma). They did not examine the donor site with regard to function. Germann et al. 2 concluded that "donor-site morbidity was acceptable," but also studied only site complications. They concluded that 91% of the patients were satisfied with the results and would undergo the operation again. In the current study, we have documented subjectively and objectively functional donor site morbidity.
Responding to the questionnaire, two patients had mild to moderate complaints of pain and limitation in the shoulder of the donor arm. The remaining patients had no limitation. This corresponded well to the questions about activities of daily living. Two patients were "limited a lot" while lifting objects, and only one patient was limited while reaching above the head. These appeared to be the activities with the most limitation. Other activities in which patients were "limited a little" were bathing, dressing, and washing hair. As Table IV demonstrates, however, the majority of patients found that they were "not limited" or "limited, but not from operation" with the remaining activities.
The subjective findings in the present study indicate that there are some, albeit minimal, limitations in shoulder function after the harvest of a SOFF. These finding were corroborated by the goniometric and manual muscle testing. We elected to exclude patient 3 from the calculation of mean range of motion and strength, because of the significant comorbid limitation in the donor arm from prior surgery. This patient had had prior modified radical neck dissection, and intraoperative electrical testing data indicated that the spinal accessory nerve was previously injured. He also had significant complaints related to the donor shoulder before SOFF harvest. The remaining patients had an overall reduction of 1°to 12°in five different shoulder range-of-motion activities. This is a minor limitation but may be noticeable as a deficit in some patients. Similarly, the strength in seven different shoulder functions was reduced, at most, by a factor of 0.25 on a fivepoint scale. Arm and elbow function (both strength and range) was not reduced. The strength of specific scapula motions was not significantly reduced, indicating that all neural supply to the scapula muscles was not injured during the harvest.
We recognize that this is a small study with a limited patient population. Also, the study is limited by the fact that there are no preoperative data on these patients and therefore the choice of control data was difficult. We chose to compare the donor arm to the nondonor arm when determining morbidity, but this has certain flaws. Prior injury or surgery on one arm or the difference in the dominant versus nondominant arm makes this comparison less objective than "interarm" comparison. We plan to expand this study with a prospective observation of a larger cohort, which will be studied preoperatively and postoperatively. This future study could potentially validate the findings in the present study.
CONCLUSION
The position of the SOFF in the reconstructive armamentarium has not been decided. We have shown that its use has increased at a single institution; the reasons for this are its superior versatility and reliability. Furthermore, based on this pilot study, the donor site morbidity is limited and acceptable. Therefore we believe that the SOFF is the superior osteocutaneous free flap in head and neck reconstruction.
